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Abstract 
This paper firstly presents the concept of using dual laser beam to irradiate the photovoltaic cell, so 
as to investigate the temperature dependency of the efficiency of long-distance energy transmission. 
Next, the model on the multiple reflection–absorption of any monochromatic light in multilayer 
structure has been established, and the heat generation in photovoltaic cell has been interpreted in 
this work. Then, the finite element model has been set up to calculate the temperature of 
photovoltaic cell subjected to laser irradiation. Finally, the effect of temperature elevation on the 
efficiency and reliability of photovoltaic cell has been discussed to provide theoretical references 
for designing the light-electricity conversion system. 
Keywords: Temperature; photovoltaic cell; laser irradiation 
1 Introduction 
In recent years, unmanned aerial vehicle (UAV) has intrigued general research interest. UAV 
could play a very important role in scientific observation or battlefield reconnaissance, although 
there are still some crucial technical problems to be solved. One of the problems is that the duration 
of flight is short because the UAV needs to take off and land frequently for refueling, which also is 
thought to decrease greatly the safety of the UAV. It is believed that the technology of long-distance 
power transmission conducted by some high energy beam is an ideal solution to this problem. Such 
long distance recharge technology could greatly prolong the flight duration of UAV and thereafter 
avoid too frequent taking off and landing. Up to date, researchers have already tried some types of 
energy beam including laser and microwave beam to realize the long-distance energy transmission. 
Considering the relative small bulk of the equipment and less energy loss in comparison to the 
microwave concept [1-2], the promising laser-based long distance energy transmission technology 
has already attracted the attention of many research institutions in many countries including the 
NASA [3-5]. In fact, this technology has also caused the interest of space solar power station 
builders [6-7] because they need to find a way to transport the solar energy collected in space to the 
ground. 
The laser-based long distance energy transmission equipment mainly consists of two 
subsystems that conduct a round converting process between electric energy and light energy. 
Usually, the electricity-light conversion process is conducted by electro-pumping laser, while the 
light-electricity conversion is conducted by photovoltaic cell. The high power weight ratio of the 
photovoltaic cell has always been aspired in the applications of aircraft and space satellite, therefore 
the III-V family multilayer thin film photovoltaic cells are nowadays widely used in these 
applications. As we know, this type of thin film photovoltaic cells has the advantages of small size, 
high efficiency and a strong ability of radiation resistance, deserving to be an ideal choice for 
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practical applications [8-9]. 
The overall efficiency of the laser-based long distance energy transmission system is 
dependent on the two subsystems’ efficiency, of which only the light-electricity conversion 
efficiency is involved in this article. It is well known that during photoelectric conversion, the high 
power density laser beam would result in significantly temperature elevation of the photovoltaic cell, 
which would greatly reduce the efficiency of the cell. Theoretically speaking, the relationship 
between open-circuit voltage and temperature can be expressed as [10] 
1
(0) Bg OC
OC
k T
E V
dV Q Q
dT T
γ− +
= − .                      (1) 
Wherein OCV is the open-circuit voltage of PV cell (V), T  absolute temperature (K), Q  
quantity of electric charge (C), (0)gE  band gap at zero centigrade by linearly extrapolation (J), γ  
a factor including the temperature dependencies of the remaining parameters, Bk Boltzmann’s 
constant (J·K
-1
). Obviously, the relationship shows that the open-circuit voltage Voc decreases as 
temperature rises. While, the semiconductor band gap Eg would decreases as temperature rises, 
which means the short-circuit current would somewhat increase [11]. Even so, the overall electricity 
power converted from light would decrease upon the temperature elevation of the cell, which means 
its efficiency would be reduced [12-13]. Moreover, temperature elevation of the cell would also 
cause the reduction of fill factor and further reducing its conversion efficiency [10-13]. 
In addition, temperature elevation would develop thermal stress in photovoltaic cells due to the 
mismatch in thermal expansion of the materials, which may result from the difference in thermal 
expansion coefficient and/ or temperature level. The thermal stress would affect cell’s efficiency, 
and may also cause physical damage in cell, which would lead to failure of the cell [14-16]. In order 
to improve the efficiency of laser-based long distance energy transmission system as well as avoid 
failure of the cell, it is very important to comprehend the temperature and stress characteristics of 
the cell under laser irradiation. 
This article firstly interprets the concept of adopting dual laser beams of different wavelengths 
in the light-electricity conversion experiment, of which the higher power laser is specially designed 
to quickly create the temperature elevation circumstance for the cell. Because the wave lengths of 
the two laser beams are close to the double absorption peaks of the thin film photovoltaic cell, 
respectively. Then, the model on multiple reflection–absorption of any monochromatic light in 
multilayer structure has been established, and the analytic solution of laser energy absorption of 
each layer in the thin film photovoltaic cell has been obtained. After that, the heat generation in the 
photovoltaic cell during energy conversion is described, and the finite element model is established 
to calculate the temperature elevation of the cell subjected to laser irradiation. Finally, the effects of 
temperature elevation on the performance of photovoltaic cell have been discussed. These results 
could provide theoretical references for designing the laser-conducted long distance energy 
transmission system. 
2 Experimental method and results 
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In the experiment, GaInP/GaAs/Ge three-junction thin film photovoltaic cell has been used, of 
which the absorption peak of GaInP junction and Ge junction appears for the incident light of 
wavelength about 500nm and 1000nm, respectively. Correspondingly, the two laser beams of 
wavelengths 532nm and 1064nm are chosen for irradiation. Moreover, the shorter wavelength laser 
is of maximum output power about 30mW and the longer wavelength laser of maximum output 
power about 25W. Therefore, the higher power laser could be in particular exploited to make a 
quick temperature ascending circumstance to study the thermal effect. The sketch of the 
photovoltaic cell structure is shown in Figure 1. Moreover, the photovoltaic cell of overall 
dimensions 11mm×11mm×170.184µm is adhered by a 5µm adhesive layer to the aluminum plate of 
dimensions 50mm×35mm×1.75mm.  
In structure, the main body of the cell includes the GaInP layer, GaInAs layer, Ge layer and Ge 
base layer. The GaInP layer is 1.6 µm thick and consists of the sub-layers of 0.04µm AlInP, 0.5µm 
n-GaInP, 1µm p-GaIn, 0.03µm p+-GaInP and 0.03µm p+-AlGaInP. The GaInAs layer is 7.584µm 
thick and consists of the sub-layers of 0.006µm p++-AlGaA, 0.006µm n++-GaInA, 0.012µm 
tunneling junction, 0.03µm n+-AlGaInP/AlInAs, 0.5µm n-GaInAs, 7µm p-GaInAs and 0.03µm 
p+-GaInAs. The Ge layer is 21µm thick and consists of the sub-layers of 0.006µm p++-AlGaAs, 
0.006µm n++-GaInAs, 0.012µm tunneling junction, 2µm n-Ge and 19µm p-Ge. The Ge base layer 
is of thickness140µm. 
 
Figure 1 GaInP/GaAs/Ge photovoltaic cell structure 
 
Figure 2 Diagram of the experimental device 
In experiment, both the surface temperature and output voltage of the photovoltaic cell are 
continually monitored by respective sensor and meter. Before the experiment, the two laser beams 
are regulated to irradiate the cell surface almost vertically and fall upon nearly the same spot as 
shown in Fig. 2, in which the angle between the two beams has been exaggerated for illustration. At 
the beginning of the experiment, the cell is subjected to irradiation by the 532nm laser of maximum 
power 30mW. When the output voltage is stable, the 1064nm laser of maximum power 25W is also 
started to irradiate the cell. After temperature and output voltage has reached some steady value, 
Y.-C. YUAN, C.-W. WU
*
, Thermal response of photovoltaic cell to laser beam irradiation| 2014 
----------------------------------------------------------------------------------4/14---------------------------------------------------------------------------------- 
 
turn off the 1064nm laser and record temperature and output voltage of the cell till it is cooled 
naturally. Figures.3 (a) and (b) shows the typical experiment results of voltage output and 
temperature, respectively. To be noted that the test data are cut at the instant shortly before the 
action of the large power laser to avoid too much monotony. 
 
(a)                                    (b) 
Figure 3 (a) Output voltage fluctuation and (b) temperature history of the photovoltaic cell 
As shown in Fig.3 (a), the initial voltage (about 1.6 V) is generated by the irradiation of 532nm 
laser. After starting the 1064nm laser, a temporary increasing appears in the voltage curve, which 
means the dual-wavelength laser irradiation can improve the total output voltage. Although, the 
output voltage of the cell decreased sharply with the rapid rising of temperature after the joining of 
the 1064nm laser as shown in Fig. 3 (b). When the temperature of the test point reaches near 373K, 
the output voltage of the cell drops to zero, which can be thought of as a blind phenomenon of the 
photovoltaic cell. It is indicated that such temperature elevation of the cell would inhibit its 
photoelectric conversion. Later on, after stopping the long-wavelength laser, the cell experiences a 
natural cooling procedure and the output voltage finally recovers to the initial level. It indicates that 
the decline of the output voltage can be removed by decreasing the temperature if the deposited 
laser energy does not reach the damage threshold of the cell. That is, this blind phenomenon of the 
cell upon the transient temperature elevation is reversible, although permanent damage would arise 
if the temperature exceeds critical magnitude [16]. Therefore, we also think [17] such temporary 
blind phenomenon of the photovoltaic cell can be used in some long-distance control technique like 
an optical valve. 
3 Light energy deposition model for multilayer photovoltaic cell 
The main body of the GaInP/GaAs/Ge three junction thin-film photovoltaic cell includes four 
layers: the GaInP junction, the GaAs junction, the Ge junction, and the Ge substrate. In each layer, 
there are p-doped layer, n-doped layer and barrier layer. Between every two adjacent layers, there is 
tunnel diode that consisted of two heavily doped layers. And there is also an AlInP window layer at 
the top and a Ge substrate at the bottom of the structure. To establish a mathematic model for 
thermo-mechanical analysis of the cell, we need to know the laser energy absorbed by each layer, 
which is dependent on the light absorption coefficient of each layer. The light absorption in medium 
obeys the Lambert-Beer Law [18] 
0
xI I e α−= .                                 (2) 
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Where 0I  and I  represents the intensity of initially incident light and transmitted light through 
the medium of thickness x, respectively. And α  is the light absorption coefficient (mm-1). 
The formula indicates that when light propagates in the medium, the light intensity is 
exponentially decayed with the increase of distance. As the light energy is proportional to the light 
intensity, the behavior of laser energy absorption in medium could be written as 
0 (1 )
xE E e α−= − .                              (3) 
Where 0E  represents the energy of the incident laser, and E  represents the energy absorbed 
by the medium. If the thickness x  of the medium and the light absorption coefficient of a specific 
wavelength of laser are known, the laser energy absorbed in medium can be calculated by the 
formula (3). 
As described afore, the photovoltaic cell used in the experiment is of a multilayer structure. Laser 
would be reflected at every interface and free surface, which makes it more complicated to 
determine the laser energy deposition in each layer. Generally speaking, an iterative algorithm 
should be established to calculate the laser energy deposition in such multilayer medium with 
considering the multiple reflection of laser at the interface and surface. 
To establish this iterative algorithm to compute the deposited laser energy in multilayer 
structure, we can first analyze the case for any monolayer as shown in Fig. 4 and then develop a 
general formula.  
 
Figure 4 Light reflection, transmission and absorption in any monolayer 
In Fig. 4, a monochromic light is assumed to propagate through the monolayer structure and 
reflect to and fro upon the two boundaries. Wherein 1E  represents the incident light energy 
through the upper boundary, and 2E  through the lower boundary. Assume the light energy escaped 
from the upper surface is 3E , escaped from the lower surface is 4E  and the light energy absorbed 
by the medium is aE . Let the reflectivity of the monochromic light upon the upper boundary be 1R , 
and that upon the lower boundary be 2R . Under the present experimental condition, laser beam can 
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be roughly viewed as a normal incidence light, so that only reflection and transmission need to be 
considered at the boundaries. In the case of normal incidence, the interface reflectivity R  between 
two medium is [19] 
2
1 2
2
1 2
( )
( )
n n
R
n n
−
=
+
.                                 (4) 
Wherein, 1n  and 2n  represent the refractive indexes of the two mediums across the interface, 
respectively. Firstly, let’s take into account the propagation of the incident laser of energy 1E  
through the upper boundary into the monolayer medium. According to the laws of light reflection 
and absorption, the escaped components 3(1)E , 4(1)E  and absorbed component (1)aE  from incident 
1E  can be expressed as 
3(1) 1 2 1 2 1 2 1[ (1 ) (1 ) ]
d d d d d dE E e R e R e R e R e R e Rα α α α α α− − − − − −= ⋅ ⋅ ⋅ ⋅ − + ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ − + ⋅⋅⋅ , (5) 
4(1) 1 2 2 1 2[ (1 ) (1 ) ]
d d d dE E e R e R e R e Rα α α α− − − −= ⋅ ⋅ − + ⋅ ⋅ ⋅ ⋅ ⋅ − + ⋅⋅⋅ ,        (6) 
and (1) 1 2 2 1 2[(1 ) (1 ) (1 )
d d d d d d d
aE E e e R e e R e R e e R
α α α α α α α− − − − − − −= ⋅ − + ⋅ ⋅ − + ⋅ ⋅ ⋅ ⋅ − + ⋅     
1 2 (1 ) ]
d d de R e R eα α α− − −⋅ ⋅ ⋅ ⋅ ⋅ − + ⋅⋅⋅ .                    (7) 
As the light would experience an infinite number of reflections upon the two boundaries of the 
medium, there are an infinite number of terms in these expressions. One can see that the formulae 
of 3(1)E  and 4(1)E  are geometric progressions and the common ratio is 1 2
d de R e Rα α− −⋅ ⋅ ⋅ . The 
expression of (1)aE  consists of two geometric progressions, of which both the common ratios are 
1 2
d de R e Rα α− −⋅ ⋅ ⋅ . By summing the geometric progressions, the expressions of 3(1)E , 4(1)E  and 
(1)aE  can be simplified as 
2
2 1
3(1) 1 2
1 2
(1 )
1
d
d
R R e
E E
R R e
α
α
−
−
⋅ − ⋅
= ⋅
−
,                       (8) 
2
4(1) 1 2
1 2
(1 )
1
d
d
R e
E E
R R e
α
α
−
−
− ⋅
= ⋅
−
,                         (9) 
and 2(1) 1 2
1 2
(1 )(1 )
1
d d
a d
e R e
E E
R R e
α α
α
− −
−
− + ⋅
= ⋅
−
.                   (10) 
For the case of the incident laser of energy 2E  through the lower boundary, the escaped 
components 3(2)E , 4(2)E  and absorbed component (2)aE  from incident 2E  can be similarly 
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obtained as 
1
3(2) 2 2
1 2
(1 )
1
d
d
R e
E E
R R e
α
α
−
−
−
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,                       (11) 
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,                      (12) 
and 1(2) 2 2
1 2
(1 )(1 )
1
d d
a d
e R e
E E
R R e
α α
α
− −
−
− + ⋅
= ⋅
−
.                   (13) 
Therefore, the total energy absorbed by the medium and escaped through the boundaries can 
be obtained by adding that resulted from both the incidents 1E  and 2E . Note that, in equations. 
(8)~ (13), the bracketed number ‘1’ and ‘2’ in subscripts of the left-hand items means that variable 
is contributed from 
1E  and 2E , respectively. Let 0aE  be the light energy that deposited in 
medium before the entrance of 
1E  and 2E , the relationship between 1E , 2E , 0aE , 3E  and 4E  
be established in matrix form as 
[ ] [ ]
11 12 13
1 2 0 21 22 23 3 4
0 0 1
a
T T T
E E E T T T E E Eα
 
 ⋅ = 
  
.                (14) 
Where, [ ]ijT is the light transfer matrix with the items of 
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−
. The matrix in this expression describes the light transmission and 
absorption in the medium, and can be used directly in the iterative computation. It is noteworthy 
that the heat dissipation is assumed to appear simultaneously considering the fact that the time taken 
in light propagation through the medium is extreme short in comparison to that for thermal 
relaxation in the material. 
These results can be further generalized to multilayer structure as shown in Fig. 5. If the initial 
and boundary conditions, i.e. the values of 1E , 2E  and 0aE  of any certain layer are known, then 
3E , 4E  and aE  of this layer can be obtained by formula (14). Moreover, the energy flow should 
be continuous cross every interface between two adjacent layers, which is required by the of energy 
conservation principle. As depicted in Fig. 5, the escaped energy 3(2)E  through the upper 
boundary of the under layer is actually the incident energy 2 (1)E  through the lower boundary of 
Y.-C. YUAN, C.-W. WU
*
, Thermal response of photovoltaic cell to laser beam irradiation| 2014 
----------------------------------------------------------------------------------8/14---------------------------------------------------------------------------------- 
 
the above layer. Similarly, the escaped energy 4 (1)E  through the lower boundary of the above 
layer equals to the incident energy 1(2)E  through the upper boundary of the under layer. One can 
also find out that 3(3)E is identical to 2 (2)E  and 4 (2)E  is identical to 1(3)E . To be noted that 
the sequence number of every layer in Fig. 5 is written in parentheses. 
  
Figure 5 Model of light reflection, transmission and absorption in multilayer structure 
After the initial state, boundary condition and the light transmission matrix are determined, the 
iterative calculation can be performed and the distribution of light absorption in the multilayer 
structure can be obtained as demonstrated in Fig.6. Specifically, at the very beginning of the 
iterative calculation, 1E  of the top layer equals to the incident laser energy while other initial 
incident energy and initially deposited energy are all zero. Then the escaped and absorbed 
components 3E , 4E  and aE  of each layer could be obtained by Eq. (14). If the total incident 
energy (i.e. the magnitude of 1 2max{ ( ) ( )}E i E i+ ) for any layer is bigger than 1e-6J, the iterative 
continues, and the escaped components 3E , 4E of every layer are used as the corresponding incident 
components 1E  and 2E  of the adjacent layers in the next round. Once the total incident energy is 
not greater than 1e-6J, the iterative calculation would be terminated and the aE  of each layer is 
obtained as the energy absorption distribution. 
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Figure 6 Diagram of iterative calculation 
The wavelengths of the two laser beams used in experiment are 532nm and 1064nm, for which 
the light absorption coefficients, refractive indexes and reflection are generally different. Therefore, 
the iterative calculation has been performed separately for the two laser beams and the energy 
deposition in the cell obtained by simple addition. Moreover, considering that the cell is tested in an 
open circuit, the light energy absorbed by cell has been assumed to be completely dissipated into 
heat. Then, the light energy deposition obtained from the above iterative calculation is used as 
thermal loading conditions in the following thermo-mechanical analysis. 
4 Finite element analysis on the thermal responses 
Finite element model is established to calculate the temperature elevation of the photovoltaic 
cell under laser irradiation. The geometry and mesh are shown in Fig. 7, in which only the quarter 
model is used in computation considering the symmetry characteristic of the problem. To discretize 
the quarter geometry, the cell surface is divided into 20×20 elements, and each layer of the cell is 
divided into 5~10 elements along the depth direction. The aluminum plate supporting the cell is 
divided into 10×10×10 units, which has been verified to be fine enough to get accurate 
thermo-mechanical results of this problem. 
 
(a)                                       (b) 
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Figure 7 (a) Finite element meshes and (b) Magnified quarter geometry 
Considering the thermo-mechanical coupling effect is slight, the heat conduction equations and 
elastic mechanics equations have been solved separately with only using the transient temperature 
fields as thermal loading in elastic mechanics equations. In detail, the heat conduction equation of 
photovoltaic cell under laser irradiation can be written as 
( ( ) ) ( ( ) ) ( ( ) ) v
T T T T
k T k T k T q c
x x y y z z t
ρ
∂ ∂ ∂ ∂ ∂ ∂ ∂
+ + + =
∂ ∂ ∂ ∂ ∂ ∂ ∂
.              (15) 
Wherein, the x, y and z represent the Cartesian Coordinates with z along the depth direction as 
indicated in Fig. 7 (b). Thermal conductivity k depends on the temperature T and qv is the heat 
generation rate in specific volume, which can be obtained by iterative calculation demonstrated in 
the section 3. Besides, ρ  is the material density (kg·m-3), c  specific heat (J·kg-1·K-1), t  time (s). 
The diameter of laser beam used in experiment is about 4 mm and the laser energy is of Gaussian 
distribution. Therefore, as sketched by gray dot lines in Fig. 7(b), the internal heat generation region 
is approximated as a cylinder of average diameter 3mm considering again that the light velocity is 
exaggeratedly larger than the heat transfer velocity. Thus, the heat generation rate qv is assumed to 
be zero beyond this cylinder region in Eq. (15).  
The heat dissipation into the environment through natural convection is treated as the boundary 
conditions of 
e
T
k hT hT
n
∂
+ =
∂
.                               (16) 
Where, n is the unit vector normal to the surface of the specimen, Te the ambient temperature, h  
convection coefficient (W·m
-2
·K
-1
). 
Furthermore, the temperature and normal heat flux at each interface within the cell should 
meet the continuity conditions 
T T+ −= ,                                (17) 
and n nq q
+ −= .                                 (18) 
Where the superscripts ‘+’ and ‘-’indicates the two sides across the interface, respectively. The 
subscript ‘n’ represents the unit vector vertical to the interface. Moreover, a relatively low thermal 
conductivity is applied to the adhesive layer between the cell and aluminum plate to involve the 
contact thermal resistance effect due to imperfect contact therein.  
The total simulation time span is about 390s with 170s for laser irradiation and 220s for solely 
natural cooling. During the former 170s, the internal heat generation load and convection boundary 
condition are applied to the model. In the subsequent 220s the internal heat generation load is 
removed and only the natural cooling process is applied. Specifically, the average ambient 
temperature is roughly 298K during the heating stage and 308K during the subsequent cooling stage 
according to the monitored ambient temperature. The convection coefficient is set to be 65 
W·m
-2
·K
-1
. The main physical properties of the materials are listed in Table 1, in which n is the 
refractive index. 
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Table 1 Main physical parameters of the materials [20-22] 
 
Figure 8 shows the temperature profile at the instant 170s when the peak temperature should 
arise according to the experiment loading condition. The thermal flux profiles at 170s are shown in 
Fig. 9. The path mapping of temperature and thermal flux are shown in Fig. 10 and Fig. 11, 
respectively. In Fig. 10 (a) and Fig. 11, the paths along X axis starts from the very center of the 
photovoltaic cell and go through its half width. In detail, the curve symbols represent the different 
locations of the paths that 
‘top ’     on the surface of cell, 
‘int1 ’    at the interface between GaInP layer and GaAs layer,  
‘int2 ’    at the interface between GaAs layer and Ge layer,  
‘int3 ’    at the interface between Ge layer and Ge substrate,  
‘int_tr’   at the interface of cell and adhesive layer and 
‘tr_bas’   at the interface of adhesive layer and aluminum plate.  
In Fig. 10 (b), the path along Z axis on XOZ plane starts at the center of the surface of cell and 
ends at the interface between the cell and aluminum plate. 
The high temperature region is roughly of circular pattern, and the maximum temperature at 
the center of the laser beam covered area is about 453K. The temperature decreased sharply when 
getting farther away from the center, especially around the edge of the laser beam covered region. 
The temperature of the cell beyond the radiated region is relatively even around 403K, and the 
average temperature of the aluminum plate is about 388K. The maximum thermal flux appears at 
the edge of the laser irradiated region, which accounts for the large temperature gradient therein. It 
can also be found that the transverse heat spreading increase gradually when getting farther away 
from the center of the specimen.  
It is also indicated in Fig. 11 that the thermal fluxes on the surface of cell and at the 
GaInP/GaAs interface are comparatively low, while the maximum value of thermal flux appears at 
the Ge layer. This is due to the great difference in the absorption coefficient of the GaInP/GaAs 
layer and the Ge layer to the high power laser. 
    
(a)                                       (b) 
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Figure 8 Temperature profiles at 170s for (a) quarter model and (b) expanded model 
                        
(a)                                       (b) 
Figure 9 Thermal flux profiles at 170s for (a) quarter model and (b) expanded model 
To validate the modeling work, the computation temperature results of a certain point located 
close to the laser radiation region edge is compared to the experimental results as shown in Fig. 12. 
One can be see that the two curves are consistent with both having the peak temperature at the 
instant when the high power laser beam was removed. Therefore, one can know that the present 
model is trustworthy to provide theoretical prediction on the thermal responses of the cell. The rapid 
decreasing of the temperature indicates that high dynamic thermal stress may arise within the cell, 
which may lead to the premature failure of the photovoltaic cell under irradiation of laser. Further 
investigation is necessary to improve the thermal-mechanical reliability of such light-electricity 
conversion system, which would be included in the future work. 
  
(a)                                    (b) 
Figure 10 Temperature profile at 170s mapped onto paths (a) along X and (b) Z axis 
 
Figure 11 Thermal flux profile at 170s mapped onto path along X axis 
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Figure 12 Computational and experimental temperature history of a certain point 
5 Conclusion 
Mathematic model is established to calculate the light energy deposition in multilayer 
materials with considering the multiple reflections at the surfaces and interfaces. The 
thermo-mechanical behaviors of multi-junction film photovoltaic cell subjected to the irradiation by 
dual laser beams have been investigated.  
The experimental results indicate that the temperature elevation would reduce the output 
voltage of the cell. The thermal analysis results show that temperature would arise greatly within 
the photovoltaic cell under laser irradiation and the temperature should decrease quickly after the 
laser beam being cut. Therefore, the output voltage can restore soon after stopping high power laser 
irradiation. It is also implied that heat dissipation may be improved by optimizing the adhesive layer 
between and supporting aluminum plate.  
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